Oogenesis in Drosophila is a useful model for studying cell differentiation. We have analyzed the role of the egh gene in these processes with the aid of a newly isolated viable but female sterile allele. This mutation results in diverse variable defects in oogenesis. The most frequent defect being follicles that have either more or less than the normal number of 16 germ cells. This is caused by erroneous splitting and/or fusion of correct clusters of 16 cystocytes. The entire follicle has a rather flexible structure in this allele, most obvious by a highly variable position of the oocyte within the follicle. Moreover, a second oocyte can also develop in egh clusters. This is exclusively observed in aberrant follicles that are generated by the aforementioned splitting/fusion process. Surprisingly, even a germ cell which is distinct from the two pro-oocytes can differentiate into an oocyte under these circumstances. Hence, determination of the oocyte is definitely not fixed when germ cell clusters are enveloped by prefollicular cells, and interactions between follicle cells and germ cells must play an important role in oocyte specification. Molecular analysis proves that the oocyte-specific transcript of the egh gene is drastically reduced in this viable allele.
Introduction
Oogenesis in Drosophila melanogaster is a well studied developmental system (for reviews see King, 1970; Mahowald and Kambysellis, 1980; Spradling, 1993; Büning, 1994) that takes place in two distinct parts of each ovariole. In the anterior germarium which is subdivided into four regions, termed 1, 2a, 2b and 3 from anterior to posterior (Mahowald and Kambysellis, 1980 ) the germline-derived oocytes and nurse cells as well as the somatic follicle cells differentiate. Oocyte maturation occurs then in the posterior vitellarium. Extensive morphological, genetic and molecular data have been accumulated for the analysis of oocyte differentiation (Spradling, 1993; Theurkauf, 1994) . Commencing in region 2a a number of specific mRNAs and proteins start to accumulate in one of the 16 cystocytes, e.g. tosca, BicaudalD and egalitarian (BicD: Suter et al., 1989; tos: Digilio et al., 1996; egl: Mach and Lehmann, 1997) . As they are restricted to the oocyte later on, it is assumed that they can also serve as markers for the oocyte at these early stages. These and other observations have led to the hypothesis that oocyte differentiation occurs at least immediately after the completion of cystocyte divisions or even earlier (Theurkauf, 1994) . The underlying mechanism that determines oocyte specification, however, is unclear. As it is always one of the two cluster cells with four intercellular bridges that develops into an oocyte, the cystocyte division pattern might provide the information necessary for this process (King, 1970) . This is in accordance with the hypothesis that the polyfusome triggers oocyte differentiation and that cystocyte divisions are to some extent unequal (Lin and Spradling, 1995) . Further evidence is provided by mutations in genes necessary for fusome formation that also inhibit oocyte differentiation (hts: Yue and Spradling, 1992; Lin et al., 1994) or differentiation of cystoblasts from stem cells (bam: McKearin and Ohlstein, 1995) . In addition, Lin and Spradling (1995) postulated an intrinsic polarity of fusomes that is able to produce an early directed transport towards one of the two innermost cystocytes thereby determining the oocyte.
Of relevance to oocyte determination is a group of mutations that cause presumptive oocytes to develop as nurse cells, e.g. egl (Schüpbach and Wieschaus, 1991) . In homozygous flies synaptonemal complexes (SC) are first formed in all 16 cystocytes, but later on break down in all cells. Subsequently, all 16 cells start polyploidisation of their genomes. Since it is known that Egl and BicD proteins form a complex (Mach and Lehmann, 1997) it is not surprising that essentially the same phenotype is caused by the BicD mutation. There is evidence for a cytoskeletal function of BicD protein to localize specific proteins and mRNAs to the future oocyte that are initially present in all 16 cystocytes (Suter et al., 1989; Wharton and Struhl, 1989) . Other mutations with a similar phenotype exist, but only recently the first mutation with a reversed phenotype, i.e. switch from the nurse cell to an oocyte fate, has been described (cyclinE; Lilly and Spradling, 1996) .
Here we report the identification of a similar mutation. We show that under specific circumstances a newly identified allele of the egghead (egh) gene can lead to a second oocyte, but in contrast to cyclinE mutant flies, this can occur anywhere within a cluster. While this work was in preparation Goode et al. (1996a) published their work on the egh gene, formerly also known as l(1)zw4 or l(1)3Ad (Lindsley and Zimm, 1992) . In contrast to their work which describes lethal alleles of the egh gene our data focus on the new viable egh cm allele (cm stands for cluster medley, describing the oogenic phenotype). This has allowed us to discover new distinct functions of the egh gene in oogenesis. In addition to the recently published function in morphogenesis of the follicular epithelium (Goode et al., 1996a) , we demonstrate here its importance for germ cell differentiation, for the integrity of the cortical actin cytoskeleton of the germ cells and for the establishment of a correct anteroposterior axis of the egg chamber.
Results

egh cm mutant females have follicles with aberrant germ cell numbers
The most obvious phenotype in oogenesis of egh cm mutant females was the high frequency of follicles harboring either more or less than the normal number of 16 cystocytes. To quantify this effect ovaries from 20 females were stained with Hoechst 33258 and TRITC-coupled phalloidin to visualize nuclei and the actin cytoskeleton, respectively. The latter also aided in recognition of cell shape, number of ring canals and membrane integrity and in distinguishing oocytes from nurse cells. In total, 131 egg chambers with aberrant germ cell numbers were found. This means that at least one follicle in five ovarioles shows this defect. There was no detectable preference in cell number within a single follicle, but there was a clear tendency for follicles with aberrant cell numbers to be arranged in series since this was observed in 99 cases (76%). Notably, a follicle adjacent to one with an aberrant cell number was often in such an advanced stage of degeneration that cell counting was not possible. Degenerating follicles were a general phenomenon in ovaries from mutant flies. Estimated from the relative size of these follicles, they reached stages 9-10 when development ceased and degenerative processes started.
In 32 of the above mentioned 131 cases, 11 follicles contained 32 and one contained 48 germ cells. This suggested that these aberrant follicles were derived from normal 16-cell clusters by simple fusion. We, therefore, asked whether serially aberrant follicles could also be explained by faulty package, either fusion or splitting, of 16-cell clusters. In 42 cases the cystocyte number could be clearly determined. Fig. 1 demonstrates that addition of the germ cell number from serially aberrant follicles results in a striking prevalence of multiples of 16, suggesting that cluster formation starts normally in the mutant flies and aberrant germ cell numbers are mainly a consequence of splitting and/or fusion of initially normal 16-cell clusters. Two or more cystocyte groups that result from the splitting of a 16-cell cluster are called subclusters in Section 2.2.
To address the question whether the egh gene function is necessary in the germline or in the follicular epithelium, we generated germ cell clones both with the viable egh cm and the lethal egh i24 allele, employing the dominant female sterile-FLP site-specific recombinase technique of Chou and Perrimon (1992) . All the mutant phenotypes that were found in the analysis of homozygous mutant females were Nuclei of aberrant follicles were counted (see Section 4). Cell numbers of neighboring follicles that were also aberrant were added. This sum has a strong preference for 16 and multiples thereof. also observed in these germline clones. Thus, we confirm previous results that egh function is essential in the germline (Perrimon et al., 1989; Goode et al., 1996a) .
Oocyte localization is variable in egh cm mutant egg chambers
Although in most follicles the oocyte is correctly positioned at the posterior pole, mislocated oocytes can regularly be observed (30 such cases in 161 aberrant follicles). Oocytes can be found at any site within the mutant follicle, irrespective of the cluster size. If, however, the follicle does not contain the normal cell number then ectopically localized oocytes occur at a considerably higher frequency. Laterally positioned oocytes often span the whole diameter of the follicle at later stages of development. As a consequence, the nurse cells of such a cluster or subcluster were divided into two subpopulations (Fig. 2C,D) . This cluster geometry is comparable with that found in follicles from dicephalic or spindle-C mutant females (dic: LohsSchardin, 1982; spnC: González-Reyes and St. Johnston, 1994) .
The cytoskeleton is affected in egh cm follicles
The cortical actin cytoskeleton is less well organized in the mutant nurse cells resulting in a more diffuse phalloidin staining pattern (e.g. Fig. 2B ). This interpretation is supported by other observations, e.g. the shape of the nurse cells was often irregular. Furthermore, nurse cells occasionally protruded into the oocyte (Fig. 2C,D) indicating again a rather flexible structure of the germ cell cluster.
There was also evidence that the microtubular organization was affected in mutant flies. It is well known that during (sc2) is composed of the supernumerary lateral oocyte and three nurse cells. The smallest follicle (arrow) contains a single nurse cell. (E,F) Here, the cluster is separated into two subclusters, sc1 with 10 nurse cells and one oocyte, and sc2 with three nurse cells and the supernumerary oocyte. Note the diffuse actin staining in the nurse cell cortex of sc1, also visible in (C) to a lesser extent. mid-oogenesis, i.e. stages 8-9, a reorganization of the microtubular polarization takes place. The minus ends of the microtubules are no longer directed to the posterior pole of the oocyte but to the anterior pole (Theurkauf et al., 1992) . At this stage the polarity of the microtubules can be monitored by a kinesin-b-galactosidase fusion protein that accumulates at the plus ends (Clark et al., 1994; Fig. 3A) . We have introduced this fusion gene into the egh cm background. In the majority of the cases b-galactosidase localization in the oocyte was similar to that found in wildtype. Yet oocytes could be found where an additional, albeit weaker staining was detectable in the center of the oocyte (arrowhead in Fig. 3B ). Even the accumulation of all the staining in a more central position was observed (arrowhead in Fig. 3C ). Thus, the egh cm mutation can alter the microtubular organization in the oocyte. In addition, it is apparent that the transport of the fusion protein from the nurse cells to the oocyte was also affected. Comparing the wildtype situation with that of the mutant follicles the staining was more intense in the posterior nurse cells (Fig. 3 ). This was particularly true for the cytoplasm close to the nurse cells' posterior border (compare Fig. 3A -C).
Cluster splitting can alter germ cell fate
The most dramatic phenotype in mutant egh cm follicles was the differentiation of a presumptive nurse cell into an oocyte (Figs. 2 and 4) . Evidence that it is in fact an oocyte that has been generated in the eight well documented cases is manifold. First, the genome of the cell does not polyploidise. Second, the cortical actin cytoskeleton is of the oocyte type. Third, yolk accumulation can be viewed to begin in these cells at stage 7. Fourth, from stage 9 on the follicular epithelium is of a different shape whether it is in contact with the oocyte or with the nurse cells; around these cells the columnar, i.e. oocyte-specific shape is always observed.
The altered cell fate leading to a supernumerary oocyte was noticed only if one cluster had been split into subclusters. Hence, the physical separation into subclusters is a crucial prerequisite for the switch in differentiation. We never observed an egg chamber with an intact cluster of 16 cystocytes in mutant females that deviated from the 15:1 ratio of nurse cells to oocytes. The subcluster must be of a minimal size in order to allow formation of a second oocyte. Irrespective of whether the subcluster formed an individual follicle or whether it was fused to another cluster, at least three cystocytes were required for the differentiation of a supernumerary oocyte (e.g. Fig. 2A ,B,E,F). If there were only one or two germ cells in a subcluster they always developed as nurse cells (e.g. Fig. 2C,D) .
Surprisingly, the number of ring canals did not unequivocally determine which germ cell would differentiate into an oocyte. In the wildtype, the stereo-typed division pattern leads to a bilaterally symmetric cluster with two cells containing four intercellular bridges (King, 1970) . One of these so-called pro-oocytes is then singled out to become the definitive oocyte. In accordance with this rule, a germ cell with four ring canals was found to be an oocyte in the majority of the observed cases. There were, however, exceptions indicating that not only pro-oocytes but also other germ cells could differentiate into an oocyte in mutant egh cm follicles. An example is shown in Fig. 2A ,B where one cluster is split into a large subcluster of 12 nurse cells and one oocyte and a second subcluster with two nurse cells and one oocyte that is packed with a complete cluster of 16 cystocytes at a clearly less advanced stage. Here, the additional oocyte is connected by a single ring canal to one of the two nurse cells. Fig. 4 illustrates a case where both oocytes of the subclusters have less than the usual four ring canals. In the subcluster with nine cystocytes the oocyte had two ring canals whereas the neighboring cell with three ring canals developed as a nurse cell. In the other subcluster of seven cells the oocyte also had only two ring canals. Our interpretation is that instead of the pro-oocytes (1 and 2 in Fig. 4D ,E), the germ cells 5 and 6 have differentiated into an oocyte although both subclusters contain a pro-oocyte (Fig.  4E) . 
Molecular analysis
We have also cloned the egh gene and shown that at least three differentially spliced transcripts are generated at the locus that all code for the same translational product (Simmerl et al., in preparation) . Northern analysis demonstrates that the transcript pattern is qualitatively and quantitatively altered in mutant flies. In particular, accumulation of the 3.4-kb long transcript that is the major one synthesized during oogenesis is barely detectable in ovaries from egh females (Fig. 5) . Since there is only some residual activity in the female germline the egh cm allele behaves as a strong hypomorph with respect to its function in oogenesis.
The in situ hybridization to wildtype follicles confirmed the result of Goode et al. (1996a) . Transcription can first be detected in the germarial region 2 (data not shown), the region where the prefollicular cells migrate between the germ cell clusters to surround them. At later stages, the RNA is synthesized in the nurse cells and transported into the oocyte where it is presumably stored for early embryogenesis. Hence, the expression pattern is in accordance with the genetic data reported.
Discussion
Mutations in egh disturb follicle formation
In the majority of egh cm mutant follicles harboring aberrant germ cell numbers, this defect can be attributed to cluster splitting events during cyst envelopment (Fig. 1) .
Germline clone experiments with brainiac (brn; Goode et al., 1992) and several lethal egh alleles (Goode et al., 1996a ; this work) have lead to comparable effects. Whereas Goode et al. (1996a) predominantly found follicles with supernumerary oocyte-nurse cell complexes, follicles with two or even more complete germ cell clusters are less frequent in egh cm mutant females. Therefore, the main phenotype in egh cm females is the splitting of cystocyte clusters. To date, a variety of mutations are known which interfere with follicle formation (for a recent review see Ray and Schüpbach, 1996) . One such group is formed by the lossof-function mutations in the neurogenic genes daughterless (Cummings and Cronmiller, 1994) , Notch and Delta (Ruohola et al., 1991) . In germaria mutant for one of these genes, prefollicular cells fail to interleaf properly between neighboring cystocyte clusters and the formation of stalk cells is suppressed in favor of an excess of posterior follicle cells. Here the primary defect obviously lies in a faulty follicle cell fate. Mutations in another neurogenic gene, brn, however, cause different phenotypic effects (Goode et al., 1992 (Goode et al., , 1996b . As in egh mutant ovaries, pre-follicular cells do not build a continuous epithelium around each cystocyte cluster. Moreover, Goode et al. (1992) were able to demonstrate that a lack of DER function in the follicle cells enhances the brn mutant phenotype. The same is true for top QY1 and egh cm double mutant follicles (Simmerl et al., in preparation). Together with the fact that brn and egh function are not redundant (Goode et al., 1996a) , this indicates a common role for both genes in EGF-receptor signaling in the follicle cells which in turn is necessary for correct follicle formation to occur. Goode et al. (1996a) reported that pre-follicular cells frequently fail to touch egh or brn mutant cystocyte clusters, inevitably leading to egg chambers containing more than a single cystocyte cluster. They suggested that a reduced affinity of the follicle cells to the mutant germ cells caused this phenotype. This hypothesis, however, cannot explain the frequent cluster splitting events occurring in egh cm mutant germaria. We, therefore, favor an alternative hypothesis. Since both egh and brn function in the germline they could be part of a germ cell-germ cell adhesive system. A weakened adhesion between sibling cystocytes might allow pre-follicular cells to mingle among them and finally separate them into individual subclusters. Evidence in support of this idea comes from the later stages of oogenesis in egh cm (discussed below) and from animals lacking armadillo (arm) function in the germline (Peifer et al., 1993) . The Armadillo protein represents the Drosophila homologue of the vertebrate protein b-catenin which is a component of cell-adhesive junctions. Peifer et al. (1993) were able to show that arm function is necessary for germ cellgerm cell adhesion during Drosophila oogenesis. If the Armadillo protein is missing, strikingly similar phenotypes to that in egh cm mutant females are obtained, e.g. mispackaging of fewer or more than 16 cystocytes into one follicle. egh/egh ), are separated on a denaturing gel, transferred and hybridized to an in vitro-transcript of a genomic fragment from the coding region of egh (Simmerl et al., in preparation) . At least three different transcripts can be detected in the autoradiograph with RNA from wildtype females. The largest one is absent from mutant flies and the accumulation of the other two RNAs is altered.
There is little reason to believe that the fusome is involved in cluster instability. Goode et al. (1996a) showed that a-spectrin staining of fusomes in egh (egh GA107 ) mutant germaria is unaffected. Moreover, in hts 1 mutant follicles fusomes are totally absent and this is without any effect on the stability of cystocyte clusters (Lin et al., 1994) . It is, therefore, still an open question how the rigid structure of the cluster is changed to the observed unstable one. Only further experiments will help us understand the role of the egh gene in follicle formation.
Oocyte differentiation in egh cm mutant females
Though oocyte differentiation in Drosophila has been a field of considerable interest for many years (see reviews by King, 1970; Spradling, 1993; McKearin, 1997) no unifying theory exists that explains the process completely. Three oocyte determination models exist to date: the induction model, the mosaic model and the transport model (Suter and Steward, 1991) . As the name implies, the induction model assumes that oocyte fate is established by a special germ cell-soma cell interaction during egg chamber formation. Contact of one of the two innermost cluster cells with polar follicle cells is thought to be instrumental in inducing a single cell to become the oocyte (Koch and King, 1966) . This model is based on the fact that oocyte position in wildtype egg chambers is always at the posterior pole and that in mutant compound egg chambers oocytes preferentially come to lie next to the anterior and posterior polar cells, respectively. Meanwhile a large number of mutations are known where oocyte position is affected. In arm (Peifer et al., 1993 ) dic (Lohs-Schardin, 1982 Frey et al., 1984) and spnC (González-Reyes and St. Johnston, 1994) mutant egg chambers the oocyte often develops in the middle of the follicle nurse cells flanking it both anteriorly and posteriorly. Oocytes with a median, mediolateral or anterior location within the follicle are a typical phenotype of egh cm mutant ovaries, too. This can easily be explained by the inductive model with the assumption that the oocyte first has a polar position, but looses contact with the polar epithelium during the later stages of oogenesis. To date nothing is known about the location of the pro-oocytes in germaria mutant for one of these genes. In flies bearing arm germline clones, ectopically located oocytes were not detected prior to stages 3 or 4 (Peifer et al., 1993) . The same is true for egh cm mutant egg chambers. Interestingly, stages 3-4 of oogenesis are hallmarked by a change from spheroidal to ellipsoidal follicle shape. This change must be driven by cell shape changes and these are often driven by the reorganization of the cortical cytoskeleton and/or alterations of the adhesive properties of a cell to its neighbors or the extracellular matrix (Watt, 1986) . The role of arm and egh in cell adhesion fits very well into this model and is further supported by irregularities in germ cell shape and cell arrangement in vitellogenic egg chambers. In addition, the fragile cortical actin cytoskeleton, a characteristic of arm and to a lesser extent also of egh cm mutant germ cells can easily be explained on these grounds. In this respect it is of interest that the Egh protein which is a putative transmembrane protein contains the amino acid triplet arginine-glycineaspartic acid in a possible extracellular domain (Goode et al., 1996a; Simmerl et al., in preparation) . This so-called RGD motif is a known signal for cell attachments (Ruoslahti and Pierschbacher, 1986; D'Souza et al., 1991) . It is, however, unknown whether the RGD motif is functional in the Egh protein, particularly since it is absent from its C. elegans homologue. Further experiments are necessary to validate the hypothesis and, as soon as this is done, to identify the partners in the inferred cell adhesion and communications pathways.
A striking and invariable feature of shifts in oocyte differentiation in egh cm mutant ovaries is that it results as a consequence of cluster splitting, i.e. of altered germline soma interactions. There is compelling evidence that clusters do not break before cystocyte divisions are completed (see Fig. 1 ). In other words, in newly formed cysts it is not yet absolutely determined which cell differentiates into an oocyte or nurse cell. This is a strong argument against the mosaic model of oocyte determination which is based on the fixed division pattern the cystoblast follows. Koch et al. (1967) postulate that the original cystoblast contains oocyte differentiation factors that are not distributed into the cystocytes generated during the subsequent mitotic divisions. Recently, the spectrosome has been discussed as a candidate for such an oocyte determining factor (Lin et al., 1994; McKearin, 1997) . It remains in one of the cystocytes with four ring canals from the first division cycle on and may generate some fusome polarity which, in turn, may be the prerequisite for a polarized microtubule scaffold (Lin and Spradling, 1995) .
Polarized transport into one of the two central cluster cells in region 2 of the germarium has been known to be crucial for oocyte differentiation for years (Mahowald and Strassheim, 1970) , and is the basis of the transport model of oocyte determination (Suter and Steward, 1991) . In fact, a microtubule scaffold directed into the future oocyte starts to form in region 2a (Theurkauf et al., 1993) . Several mRNAs and proteins have been identified that are selectively transported into one of the pro-oocytes and that are required for the differentiation into an oocyte (e.g. Cooley and Theurkauf, 1994) . Two of them, BicD and egl, were identified as elements of the transport machinery itself and have recently been shown to act as a functional complex (Mach and Lehmann, 1997) . However, the question remains how asymmetry is initially formed in the 16-cell cyst.
A component intrinsic to the cluster -as postulated by the mosaic model -is not compatible with the differentiation of additional oocytes in egh cm mutant cysts. If only one of 16 cluster cells inherits the ability to develop as an oocyte from the very beginning of cystocyte division no other cell should do so. Intact 16-or 32-cell clusters in egh cm mutant females clearly obey this rule. Exceptions to this rule can, however, occur if a cluster has been split. Only then it is possible for an oocyte to develop in each of the subclusters. Surprisingly, not only pro-oocytes but presumptive nurse cells can differentiate into an oocyte under these circumstances. This interpretation is based on the identification of pro-oocytes or pro-nurse cells by the number of ring canals according to the scheme of cluster branching (King, 1970) . We have no evidence that the branching pattern is altered in egh cm mutant cystocyte clusters. We, therefore, assume that cluster splitting leads to the breakage of one or more intercellular junctions but has no effect on the primary branching pattern of cystocytes.
The cytological hallmarks that were instrumental in identifying the oocytes indicate that a polarized microtubule cytoskeleton must have accumulated the factors necessary for oocyte development in these cells and for their previtellogenic growth. It is, therefore, tempting to speculate that the microtubule nucleating center has formed in the wrong cystocyte, triggered by the altered interaction with somatic cells. It is well accepted that the anterior-posterior asymmetry in the oocyte relies on the establishment of a microtubule organizing center at its posterior pole and that germline soma interactions are crucial for this process (González-Reyes and St. Johnston, 1994; González-Reyes et al., 1995; Roth et al., 1995) . From the distribution of the kinesin:lacZ fusion protein (Clark et al., 1994) in egh cm mutant oocytes we conclude that this second polarization process can in fact be influenced by the mutation.
In conclusion, we ascertain that a lack of the egh germline function leads to the splitting of cystocyte clusters, probably as an indirect effect to a shift in the germ cell differentiation pattern. This phenotype is not compatible with either the pure mosaic or the pure transport model of oocyte determination. We therefore propose that egh germline function is necessary for undisturbed germ cell-follicle cell interactions that are crucial for correct oocyte differentiation.
Molecular data
The egh gene codes for at least three transcripts that use different start sites and that are alternatively spliced (Goode et al., 1996a; Simmerl et al., in preparation) . The major RNA synthesized during oogenesis is the medium-sized 3.4-kb transcript which in egh cm mutant ovaries is significantly reduced, but not totally absent (Fig. 5) . This correlates well with the observed hypomorphic phenotype. As already observed by Goode et al. (1996a) , egh transcripts start to accumulate in region 2 of the germarium. Exactly in this region the 16-cell cluster becomes surrounded by follicle cells which marks commencement of its development into an individual follicle. Our data show that this is a crucial time point not only for the fate of the follicle but more importantly for defining which of the 16 germ cells will finally develop into an oocyte. Thus, the expression pattern and the observed phenotype in egh cm mutant ovaries correlate well.
Experimental procedures
Fly strains, crosses and culture conditions
The egh cm mutation was discovered after a transformation experiment and shown to be a viable, but female sterile allele of egh (Simmerl et al., in preparation) . It was recombined with different X chromosomal markers and kept over the balancer chromosome FM7 (Lindsley and Zimm, 1992) . All fly cultures were grown on standard fly medium at 25°C.
To analyze the polarity of the microtubular cytoskeleton within the oocyte we crossed a kinesin:lacZ fusion gene (Clark et al., 1994) into the egh cm strain. This strain KZ503 was kindly provided by Y.N. Jan.
For germline clone analysis by the dominant female sterile-FLP site-specific recombinase technique (Chou and Perrimon, 1992 ) egh cm and egh i24 (Judd et al., 1972) were recombined with FRT
101
. Heterozygous females were crossed to males carrying the dominant female sterile mutation ovo D1 and the target site FRT 101 on the X chromosome, as well as the FLP recombinase producing transgene FLP38 on the second chromosome. Larvae were heat-shocked at 36°C for at least 60 min and adult females were screened for the generation of germline clones. All these strains (Chou and Perrimon, 1992) were kindly provided by N. Perrimon.
Histology and microscopy
For actin and nuclei visualization, ovaries were dissected in PBST (0.05% Triton X-100 in PBS) and fixed in 4% formaldehyde for 20 min at room temperature. After fixation, the specimens were rinsed three times for 10 min in PBST. Staining with TRITC-conjugated phalloidin and Hoechst 33258 (each 2.5 mg/ml) was done for 1 h at room temperature. After one rinse in PBST, followed by two rinses in PBS, ovaries were transferred to slides and analyzed with a Zeiss Axiovert 35M microscope equipped with epifluorescence optics.
To determine the number of germ cells in aberrant follicles Hoechst stained ovarioles were examined under the microscope. Only follicles in which the nuclei could unambiguously be counted were included in the experiment. Counting was rechecked on microphotographs at different focal planes.
For staining of the ring canals, ovaries were dissected and fixed as described above, then rinsed four times in PBT (0.05% Triton X-100 and 0.5% bovine serum albumine in PBS) and incubated in anti-phosphotyrosine antibody (SIGMA, clone PT-66), diluted 1:1500 in PBT. The ovaries were incubated for 2 h at room temperature or overnight at 4°C. After four 15-min washes in PBT the specimens were transferred to slides and viewed using the fluorescence microscope.
The histochemical assay for b-galactosidase activity was performed as follows: ovaries were dissected in buffer (0.1% Triton X-100 and 1 mM MgCl 2 in PBS), fixed in 1% glutardialdehyde for 30 min and washed in staining buffer (3.3 mM K 3 (Fe(CN) 6 ) and 3.3 mM K 4 (Fe(CN) 6 ) added to the buffer) three times for 15 min each. Ovaries were stained in staining buffer plus 0.2% X-Gal for 1 h at room temperature. Specimens were examined under a Zeiss Axiophot microscope using differential interference contrast (DIC) optics.
Molecular biology
All methods followed standard protocols (Sambrook et al., 1989) . RNA was isolated from adult flies or hand-dissected ovaries (Chomczynsky and Sacchi, 1987) . 30 mg total RNA was separated by electrophoresis in formaldehyde gels. The RNA was transferred to a nylon membrane (Hybond-N, Amersham) and crosslinked by UV light. The filter was hybridized with a 32 P-labeled in vitro-transcript of a genomic fragment within the coding region of the egh gene (Simmerl et al., in preparation) and exposed for autoradiography.
